Prior exposure (priming) of BALB/cByJ mice to a low dose of lipopolysaccharide derived from Escherichia coli 055 or Serratia marcescens, followed by immunization with an optimally immunogenic dose of the same lipopolysaccharide 2 to 30 days later, results in the expression of substantially reduced antibody responses. Such unresponsiveness, which is antigen specific, occurs in a cyclic manner with time after priming.
Recent studies indicate that the magnitude of the specific murine antibody response to an optimal dose of some bacterial lipopolysaccharides (LPS) can be increased or decreased by prior exposure (priming) to a single injection of a subimmunogenic dose of the homologous LPS. Increases in the magnitude of the direct plaque-forming cell (PFC) or immunoglobulin M serum antibody response to Escherichia coli 0113 LPS can be generated by low-dose priming, whereas low-dose priming with E. coli 055 LPS or Serratia marcescens LPS results in decreases in the magnitude of antibody responses (2, 7, 8, 11, 14, 18, 19) . The generation of memory or unresponsiveness is specific for the serotype of the LPS used for priming and does not appear to involve antibody-mediated feedback inhibition (8) . Although the mechanism for the development of either memory or unresponsiveness to these LPS is not known, an examination of their physical properties by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis revealed no obvious relationships between chemical composition and function; all three preparations induced nonspecific proliferation of mouse splenocytes with similar time course and magnitude (8) .
A striking feature of the development of memory to E. coli 0113 LPS is the cyclic nature of this development, in which increases in the numbers of PFC detected after low-dose priming varies with the time between priming and immunization (2) . In the present work, we show that the unresponsiveness to E. coli 055 LPS and S. marcescens LPS likewise develops in a cyclic manner, suggesting that an ordered regulatory process is involved in the development of memory and suppression.
In the studies described here, female BALB/cByJ mice (8 to 12 weeks of age), purchased from Jackson Laboratory (Bar Harbor, Maine), were used; female BALB/c nulnu mice (8 to 10 weeks of age) were obtained from the National Institutes of Health Small Animal Section. The preparations of LPS used were extracted from bacterial cell walls by the phenol-water procedure (12 (9) . The Student t test was used to evaluate the significance of the differences observed (16); differences were considered significant when P values of <0.05 were obtained.
Groups of mice were primed (i.p.) with 500 pg of E. coli 055 LPS; then they were immunized (i.p.) with 1 p.g of E. coli 055 LPS, and the magnitude of the PFC response produced was determined 4 days after immunization. The results obtained were compared with those from unprimed, immunized control mice to determine the degree of unresponsiveness induced as a result of priming. These studies showed that significant unresponsiveness (P < 0.05) to E. coli 055 LPS developed within 2 days after priming (Fig. 1) ; however, the degree of unresponsiveness expressed varied in a cyclic manner with time after priming. Other experiments affirmed that at least 2 days were required between priming and immunization to reveal significant unresponsiveness and that peaks and valleys of the cyclic pattern observed were indeed reproducible and occurred at the same time intervals with respect to priming and subsequent immunization (data not shown).
Unresponsiveness to S. marcescens LPS also developed in a cyclic manner for groups of mice primed with S ng of this antigen (Fig. 2) ; here, as in the preceding experiment, the magnitude of the PFC response produced was determined 4 days after immunization and compared with that of unprimed, immunized control mice. Significant unresponsiveness (P < 0.05) was observed when 2 ing; however, we did not determine if the cyclic pattern was still evident more than 2 weeks after priming.
Although the cyclic nature of primary antibody responses to various antigens has been well documented (reviewed in references 10 and 20), few studies have examined subtle variations in the magnitude of secondary PFC responses (particularly to T-independent antigens) at daily intervals as was done in studies on the development of memory to E. coli 0113 LPS (2) and in the present work. The cyclic development of a primary antibody response to an optimal dose of antigen has often been attributed to antibody-mediated feedback inhibition (20) ; however, the results of other studies (8) failed to indicate that the small amounts of LPS-specific antibody detected in serum following low-dose priming contributed significantly to the development of either memory (in the case of E. coli 0113 LPS) or unresponsiveness (in the case of either E. coli 055 LPS or S. marcescens LPS). Unlike most protein antigens, LPS persists in tissues for relatively long periods after immunization (5, 6); however, it is difficult to envision a means by which daily changes in retained LPS following low-dose priming could contribute to the cyclic variations observed. Although we have not yet studied the development of unresponsiveness to either E. coli 055 LPS or S. marcescens LPS in other strains of mice, the results of previous experiments using AKR/N mice indicate that at least some processes involved in the development of memory to E. coli 0113 LPS may be under genetic control (2) .
Although LPS are usually classified as helper-T-cell-independent antigens because of their ability to stimulate antibody production in athymic (nulnu) mice, it is possible that T cells can contribute to the development of the cyclic patterns observed in this report. In (1, 17) , also occurs in a cyclic manner (15) . Other studies using athymic mice indicate that the development of unresponsiveness to S. marcescens LPS is indeed T cell dependent (8) , although the development of memory to E. coli 0113 LPS or unresponsiveness to E. coli 055 LPS does not appear to require T cells (2, 8, 18, 19 
